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ー画像診断の役割ー 病床数        606床 
   （一般病床   576床） 
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    →年齢、PS、病期等を考慮し決定 
島根大学の治療方針 
低リスク（T1-T2a and GS 2-6 and PSA <10) 
期待余命 
  <5年  経過観察 
  5-10年  小線源治療、RT 
  ≧10年  小線源治療、RT、手術 
 
中リスク（T2b-2c or GS 7 or PSA 10-20) 
期待余命 
  <5年  内分泌療法（2年） 
  5-10年  小線源治療、RT 
  ≧10年  小線源治療＋内分泌療法、RT＋内分泌療法、手術 
 
高リスク（T3a or GS 8-10 or PSA >20)  
因子数   
  3 factor RT+内分泌療法（3年）   
  1-2 factor RT+内分泌療法（6ヵ月）、手術＋拡大リンパ節廓清 
 
超高リスク（T3b-4） 
  RT＋内分泌療法（3年） 
転移あり 
  N1  RT＋内分泌療法（3年）、内分泌療法（3年） 




































  年齢  55 ｰ 78歳（中央値 69） 
  PSA  2.5 – 52.2 ng/mL（中央値 7.5） 
  病期  pT2a：7， pT2b：18，pT3a：5， pT3b：1 
Step-sectionで確認した容積0.1ml以上の54腫瘍 
Gleason score  5-6: 19,  7: 28,  8-9: 7   
DWIの条件 
  MR装置：GE社製Signa Horizon Cvi 1.5T 
  受信コイル：Pelvic phased array coil 
  パルスシークエンス：Echo planner imaging (EPI)   
  ｂ値：1,000 s/mm2 
 
腫瘍検出率の比較  
   DWI, T2WI, Gd-dynamic 
ADC値の検討 
   癌部および非癌部（辺縁域，移行域） 
   （部位はstep-sectionと対比） 
方法 
1.04 x10-3mm2/s 1.54 x10-3mm2/s 



























































N     Ca  
全体 N     Ca        N     Ca 
PZ               TZ 
N：非癌部 Ca：癌部   PZ：辺縁域 TZ：移行域 
P<0.005 
P<0.0005 
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年齢： 46-93歳 (中央値 72 歳) 
PSA： 0.8-1113.8 ng/mL (中央値 10.5 ng/mL) 
生検本数 8-12本 （中央値 8本) 
圧迫操作 
方法 
 超音波診断装置：EUB-8500 (HITACHI) 
 探触子: 経直腸エンドファイアー型プローブ (HITACHI) 
 走査：フリーハンド 
経直腸前立腺超音波下生検 RTE 
③      ②      ① 右 
⑥      ⑤      ④ 左 





66 y.o. PSA 8.1 ng/mL  
Gleason score 3+4=7 





38/56 (67.9%) # 
 
75/83 (90.4%) # 
 
53/53 (100%) # 
 






28/56 (50.0%) ## 
 
66/83 (79.5%) ## 
 
51/53 (96.2%) ## 
 















#, ## ; p<0.05 
 
















    ・加圧による変形(歪み)を計測して画像化した歪み像 
    ・硬さの絶対量(弾性係数)を示すものではない 
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Photodynamic Eye (PDE) 
（浜松ホトニクス社製) 
対象 
Case     14 
Age     67 yrs. (65-75yrs.) 
PSA     14.76 ng/ml (7.86-52.67) 
Prostate volume   32.2 g (17.0-75.9 g) 
Gleason score 6or less  2 
   7   4 
   8-9   8 
Clinical stage T1c   5 
  T2a   4 
  T2b   2 
  T2c   2 




























# ,## ,* ,** ; P<0.05 
RTE v.s. TRUS 


















Can Urol Assoc J. 4:254-9, 2011 
リンパ節の領域別蛍光輝度 
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旺盛な膜合成と破壊 → Choline 
Proton MRI spectroscopy（MRS) 
PROSEを用いたMRS 
クエン酸 コリン  
前立腺癌 
3.2 2.6 
1.5          
ppm 
3.5          3.0          2.5          2.0          ppm ppm 


















病期    PSA 前立腺生検 前治療  治療 
1 71 T4N1M1b 6113.9 5+4=9 (6/6)** - MAB 
2 79 T2bN0M0 8.4 5+4=9 (7/8)** - 放+MAB 
3 75 T3aN0M0 80.5 5+4=9 (6/6)** - 放+MAB 
4 77 T3bN0M0 54.3 4+4=8 (8/8)** - 放+MAB 
5 66 (T3aN1M0)* 30.0 Grade 0a MAB 放 
6 61 (T4N1M1b)* 56.6 Grade 1 MAB 化学療法 




MR装置 ：GE社製Signa Horzon Cvi 1.5T 
受信コイル ：直腸内コイル 











症例1 T4N1M1b, MAB 















PSA値  2,428 →193 (ng/ml) 
治療前    化学療法 



















症例6 CRPC, 化学療法 
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PSA 30.0 Grade 0a 
54 ml 
PSA 11.7 Grade 1 
48 ml 
症例5 CRPC, 放射線療法 
 
TRUS MRI T2WI MRSH.E.
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サイズや数の微細な変化の評価は困難  
Soloway MS, Cancer , 1988 
Extent of disease (EOD) grade 
    Bone scan index (BSI) 








Sabbatini P, J Clin Oncol, 1999 
Lars Edenbrandt 
BSI 0                 
BSI 0.01 to 1.00






















33 10 4 2 0 0>1.00
114 100 79 57 32 80.01 to 1.00
237 216 157 108 51 190
Number at risk
0 2 4 6 8 10
Years from BSI
BSI as a prognostic biomarker 
Bone scans obtained  <3 months from diagnosis of 384 PCa cases in two 
large population-based cohorts 
Gothenburg study; n=1,013 
Parameter 
Concordance Index  
(95% CI) 
Total PSA alone 0.69 (0.57-0.78) 
Base model: Total PSA + Gleason + Clinical Stage 0.77 (0.70-0.84) 
Manual BSI + base model 0.79 (0.72-0.86) 
BSI was associated with death from disease when added to a base model 
that included total PSA, clinical stage, and Gleason score ( p < 0.0001) 
BSI as a prognostic biomarker 
Lars Edenbrandt 



















1： 骨転移巣部分が6ヵ所未満  
2： 骨転移部分が6～20ヵ所 
3： 骨転移部分が20ヵ所を超える 
4： Super scanあるいはそれに同等の場合 
Extent of disease (EOD) grade 
Soloway MS, Cancer , 1988 
─　48　─
Conclusion 
These data furnish early evidence that on-treatment changes in BSI are a 
response indicator and support further exploration of bone scintigraphy as 
an imaging biomarker in CRMPC. 
BSI as a response biomarker 
Paclitaxel(P), Estramustine phosphate(E), Carboplatin(C)併用（PEC）化学療法 
Docetaxel(D), Estramustine phosphate(E), Carboplatin(C)併用（DEC）化学療法 
島根大学のCRPCに対する治療戦略 
15 61 50 84 PAC 
Berry W, et al. 
（Clin Genitourin 
Cancer, 2006） 
15 (15>) 63 (75) 24 (40) 30 DOC 
Oh WK, et al. 
(Clin Can Res, 2004) 
19 68 52 40 DOC 
Oh WK, et al. 
(Cancer, 2003) 
36 96 82 54 DOC 
島根大学 
(Eur Urol, 2007) 
18 60 65 30 PAC 
Solit DB, et al. 
(J Clin Oncol, 2001) 
22 100 61 30 PAC 
島根大学 
(J Urol, 2002) 
16 67 45 56 PAC 
Kelly WK, et al. 
(J Clin Oncol, 2001) 
Median survival 
time (Mo) 
> 50% PSA 
response (%) 











   奏効率
骨以外の転移巣  66.7%
骨転移巣               8.3%
Automated BSI 
Conclusions 
Automated BSI scoring, with its 100% reproducibility, reduces 
turnaround time, eliminates operator-dependent subjectivity, and 
provides important clinical information comparable to that of manual 
BSI scoring.  
Serial bone scans from 88 patients with CRMPC enrolled in 
four clinical trials. 




automated BSI (aBSI)の臨床応用 
aBSIは有骨転移CRPCの 
治療効果判定に応用可能か 
Material and method 
Patients 
 Forty two consecutive CRPC patients  
 All underwent chemotherapy between November 2004 and March 2011 
 
DEC chemotherapy 
 I.v. docetaxel at 30 mg/m2 (weekly)    
 Oral estramustine at 10 mg/m2 (daily) 
 I.v. carboplatin to reach an area under the curve value of 6 (day 1) 
 
Bone scan (BS) 
 BS was performed at the time of CRPC diagnosis and after 4 cycles of  
 DEC chemotherapy 
 
CAD system 
 BONENAVI® system developed by FUJIFILM RI Pharma 
 BS imagings were converted to the aBSI with BONENAVI® system  
骨病変の治療効果判定法 
1. EODを用いた評価 
  Complete response  
       disappearance of all positive areas  
    Partial response  
       decrease in the EOD 
    Progressive disease    
       increased number of positive sites  
 
2. BSIを用いた評価 
 Yahara J,. BJU int, 2003 
Figure 2 
Flare response on MDP bone scintigraphy: metastatic disease in the inferior pubic rami (arrows, A) showed 
increased uptake 3 months after chemotherapy (B) that diminished at 6 months (C). 
Messiou C, et al. Br J Cancer, 2009 
Flare-up phenomenon on radionuclide BS 
 CRPC diagnosis 
 
 
After 2cycles of  treatment After 4cycles of  treatment 
 aBSI (%)        7.435         8.418          0.052  
               
BS    
BONENAVI®  
Flare-up phenomenon 
EOD = extent of disease  
Median age (years, range)        73 (52-86) 
Performance status (%) 
     < 2            33 (78.6) 
     ≥ 2                9 (21.4) 
Median PSA value at CRPC diagnosis (ng/ml, range)  65.3 (0.1-3584.1) 
Median Gleason sum (range)             8 (6-9) 
No. EOD classification (%) 
    1         21 (50.0) 
    2             15 (35.7) 
    3                6 (14.3) 
No. lymph node metastases (%) 
    Neg.           22 (52.4) 
    Pos.            20 (47.6) 
Cycles of chemotherapy (%) 
    < 10            19 (45.2) 
    ≥ 10             23 (54.8) 
aBSI (%)     
    < 3.0%            32 (76.2)  
    ≥ 3.0%            10 (23.8) 
患者背景 
Conclusion 
BSI as calculated using the Bonenavi system significantly correlated 
with EOD.  
Sensitivity and specificity as measured by the fully automated 
method were lower than those of semi-automated BSI with 




2. Hot spot抽出 リスク分類提示 
 
3. 診断支援指標の提示 
   Artificial neural networks (ANN) 
   Bone scan index (BSI) 
   Hot spot数 
BONENAVI 
─　50　─


















PSA change rate (log value) 
P=0.023 







Correlation among aBSI change and PSA change 
aBSI < 3.0， n=32 






















Times in months 
P=0.0613 
Median 26.6 months 






















Times in months 
aBSI decrease group， n=28 
 
aBSI increase group， n=14 
P=0.0157 
Median 26.6 months 
aBSI resposeとOS Age adjusted multivariate analyses for both the without 
aBSI response and the with aBSI response models  
Variables Coef Chi-square P value       Hazard ratio 95%CI c-index
Performance status 1.661 5.577 0.0182 1.661 1.090 - 2.529 0.621
0 or 1 vs. 2 or greater
PSA response 2.595 4.327 0.0375 2.595 1.057 - 6.372
less than 90% vs. 90% or greater
Performance status 2.330 5.429 0.0198 1.673 1.085 - 2.580 0.660
0 or 1 vs. 2 or greater
PSA response 0.879 3.395 0.0654 2.408 0.945 - 6.133
less than 90% vs. 90% or greater
aBSI response 0.982 5.928 0.0149 2.670 1.211 - 5.886
decrease vs. increase
Abbreviations: aBSI, automated bone scan index; PSA, prostate specific antigen; c-index; concordance index.
BJU int, 2012, in press 











SD, n=32 PR, n=10 
100 
Correlation between aBSI change  



























aBSI response (+)， n=18























PSA decrease (≥ 90 % )， n=20















EOD1 (n=21) EOD2 (n=15) EOD3 (n=6) 
(%) 
Correlation among aBSI and EOD 
aBSI change after 4cycles of chemotherapy (%)
    Increase       14 (33.4)
    > 0%, < 40% decrease           8 (19.0)
    ≥ 40% decrease    20 (47.6)
PSA decrease after 4 cycles of chemotherapy (%)
    < 50%     4 (9.5)
    ≥ 50%, < 90%     10 (23.8)
    ≥ 90%   28 (66.7)
Effect on bone metastases (%)
    PR          10 (23.8)
    SD     32 (76.2)
Effect on lymph node metastases (%)
    PR    13 (75.0)
    SD         5 (25.0)
PR = partial response; SD = stable disease
4サイクル後の治療効果判定 
─　50　─ ─　51　─
・ Bone scan index (BSI) は骨転移を有する前立腺癌の  
  prognostic indicator、response indicatorになりうる。 
 
・ BONENAVIによりBSIはautomated BSI (aBSI)として 
  容易に算出可能となった。 
 
・ aBSIはmanual BSIと同様に前立腺癌のprognostic  












患    者 75歳 男性    
主    訴 CRPC加療目的 
既往歴 特記事項無し 
現病歴 
 1999年7月 前立腺癌（T3bN1M1c）に対しMAB開始 
 2004年4月 PSA上昇 EMP開始 
 2005年7月 DEC療法目的で当院紹介受診 
  PSA 288.9 ng/ml 
 両側腸骨動脈＋大動脈周囲リンパ節転移 
 第4、5腰椎転移 
 2005年8月 DEC療法開始 
症例 Bone scan imaging
BONENAVI®
aBSI (%)        0.949    0.013                       0.885             0.954 1.922      
              
















Times after treatment (months)
PSA failure
Clinical course
30
1600
2.5
治療経過 
